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Portfolio Effect and Investment Strategy of Pension Fund’s Listed REITs Investing
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< Abstract >

Domestic pension funds, including the National Pension Service, have recently shown interest in
listed REITs and are in fact preparing or expanding investment in listed REITs. This study introduces
ways to improve risk-adjusted returns of holding portfolios by utilizing listed REITs. The empirical basis
for these measures is also presented. In addition, a reasonable investment strategy related to
incorporating listed REITs into the holding portfolio is presented. To this end, an annual time series of
inflation-adjusted total returns assuming dividend reinvestment prepared by Visual Capitalist covering
35 years from 1985 to 2019 is collected. This includes the sub-asset sectors within the stock and bond
asset classes, and the yields time series of listed REITs. In addition, as a Tactical Asset Allocation(TAA)
strategy, the expected portfolio effect of incorporating listed REITs into a portfolio composed of general
stocks and bonds is calculated. The Sharpe ratio maximization model, an indicator of risk-adjusted
returns, is analyzed using matlab. The main research results are as follows. Investment in listed REITs
via TAA can be incorporated into a portfolio of relatively stable or high-risk assets by pension funds
depending on risk preferences to improve risk-adjusted returns. The investment strategies necessary for
domestic pension funds to expand alternative investments using listed REITs by establishing a systematic
investment strategy are identified as follows. First, in the issue of asset classification, it is reasonable to
incorporate listed REITs into the stock asset class. Second, when incorporating listed REITs into the stock
asset class, it is suggested that about 38.61% of the stock asset class be set as the investment share
goal. In addition, it is proposed to set about 19.3% of the pension fund's total portfolio as the target
of investment in listed REITs. Third, the appropriate policy and performance evaluation benchmark for
investing in listed REITs proposes to utilize the customized index based on the individual pension fund's
investment strategy in listed REITs.
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Underlying Asset of Listing REITs

1961

Community shopping centers and shopping
malls

1967

Railroad real estate
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Lodging and resorts

1971

Apartments and warehouse/distribution facilities

1972

Central business district(CBD) office buildings

1980

Racetracks

1985

Health care facilities and suburban office
buildings

1986

Self storage

1988

Suburban office parks

1990

Net leased properties

1993

Factory outlets, golf courses, and manufactured
home communities

1994

Life science buildings

1997

Movie theaters and correctional facilities

1988

Automobile dealerships

1999

Senior housing, telecommunication towers, and
timberlands

2001

Gasoline stations

2003

Bank branches

2004

Data centers, military housing, offices leased to
federal government, and student housing

2005

Medical offices

2012

Pipelines and single family rental housing

2013

Farmland and Casinos

2014

QOutdoor advertising and business storage

2015

Electric transmission lines, telecommunications
fiber

2018

Refrigerated storage

2019

Post offices
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(nXn) JAF-ZBAF S§H(Variance-Covariance
Matrix)o|2tal stA}. o]A] A7]a ZEZZ QA &
g iRPAAE o] EALS H)FE 2t oot w7l
RAPE (2120002, )2 F4H ZEZQ 29 7|0f

FoEY 24t st 2ol AT 4 Stk

Elze] =z +agpy+o Az p, = ple (4)

Var [z szﬁz@xz% = 2'Qr (5)
AZ14q pl, zTold Te 27 p, 2o AA
2 oujat, APIFTAL o, =1

(Transpose)dy é
ofth. HAbe A A+ 2k HRlB g ojo] o
thote]  z'Qr=00l1, Q&

(Positive Semi-definite)o]tt. o|A] &
EZ2|Q 29 Agho] vlof QA &2 trHA|
(Polyhedral Set) y2tal 715t of2

gt

x= {x : Axz=b, Cx>d}, El‘ 1 (6)
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o(R): [Ry, R J7IR, o(R) = (xhQey)"* (7)

Q71NN [R= AaatE Ulsto] 2= »AME
B z € [R"0]1, Q= (nxn)3B Q< IR"*"o|t}. o]
oz Markow1tZ(1952)Ol%0ﬂ/\1 RAlgt Hat-2
Ab Z]ASHMVO: Mean-Variance Optimization)2]
+<3ll(Unique Solution)2tal 7 ojgtet. o704 @



 WtEA] OFA(+, Positive Definite)o] 1, o(R)= 7+
= 2(Strictly Convex) &40t} o] &84 L
o{(EF: Efficient Frontier)2 t}2u} Zto] 2]
2 Zog 4 ok

EF={R ¢(R)) : RE[R_, R_1} (8)

oAl &7 B+ 71
FAH:HRiskless Asset)& 1a{sto] » <R .
3ta, DOlSXANS ;atsh o]d] T EEa] Qo] A
e 2S00 digh -9 g
WAL 2 ;w!a A o] K}

SHANE 24e17] ol ofet BE CALES] A%
Aol RITIC 210 AN CALE EF o) ofu 3
Aol 9XI% . AR EFE o] efeck &, A
CAL®] 7|1&€7)= EFE %sh= &4 o(R) 9] dRE
(Sub-derivative)o] 1., EFQ9} 2™ CALC] RAo| ]
A 9% ZE2) 00|t} of4o] &S thE X0l
A s8R, B8 CALS IV AR 718715 2k
CALZ o3 4 9t ol 22802 T h(a)
2 Josel TSR Qo] AN 22 BHT
ACt.
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nix—vr

of7]of|l A S FA 7hseh BE REE QS UE
et 2(x)9] F7]% Sharpe(1994)7F BxdHE
(Mutual Fund)9] A3tS £83517] Ysl AAEE HE
A tie] EAW]E(RTVR: Reward-To-Volatility
Ratio)2 EA4} AFZH|&(SR: Sharpe Ratio)2 2]+
Zoltt. Tetd SRS F|Higlste ZEE & U

555t B2 Fol ¥ 4 k.

T, __
wx—r,

Mazx, 7(xTQx)1/2 ,

Ax=b, Cx>d (10)
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IR?o|t}. Cornuejols and Tutiinci(2006)= o] =4
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F471 @ 5(Concave)d 47t oty 7] TjZo Apzu]
&2 atetste 5‘4 ™ 2 EE2]Q(Optimal Risky
Portfolio)2 At= vl Le A7 21Xt EA|S B24
(Convexity)S wrgst 2x =232 (Convex
Quardratic Programming)o] 2 Q3hs A stgich
ol 9lal MR 271H e Yr,=190), o=
£EE2 0 U A= R AREBAE)S ] £ApulE
(z)9] ol 1oleb= @AHQl FhAolch. 94l o=
11 ..1]791 e’2=1Q1 WA G o] &sto] Ch3at 2
o] n(x)L 29 Sx}g+4(Homogeneous Function)

g(x)2 Bosto] oAl B & Qi

T
ux—r,

h(z) = W (11)

(p=re)lz z
= W = g(x) = g(z) V>0
oA7]oA WE] p—rew= FAI(ME)THE 22t
St o8 WEHE ottt ooz g g3
Y(Lifting Technique)g A-8-5to] th& Al9] SAtst
(Homogenize) x'-& ottt &, x B} 1At &2
S0 W 2 ARE ohgat 2ol s oR POl

ot

=z E IR EE IR | k>o%ex}u(o,0)
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(0,012 Z7t5t9, olA] x'2 42jo] Z(Cone)FS A
e} 9reF yo] ¥ (Circle)olgtd x' & Z¢
de} Z(Plain Vanilla Cone)dS AojstA =

e olgsto h(z)=g¢(z), Vzexoln
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™ (Normalizing Hyperplane) 9] 943t o E &t
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FARPHE U, AEARE U ARE 22 24
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ol & AFzLy]-&(Maximum Sharpe Ratio)g 7t
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U.S. Large

represented by the Vanguard 500 Index Fund Admiral Shares (VFIAX), which offers exposure
Cap Stocks |to 500 of the largest U.S. companies.

U.S. Small |represented by the Vanguard Small-Cap Index Fund Admiral Shares (VSMAX), which seeks
USSC_S .
Cap Stocks [to track an Index of small-sized U.S. companles.
International |represented by the Vanguard Developed Markets Index Fund Admiral Shares (VTMGX), which
INTD_S Developed |offers exposure to large, mid, and small capitalization companies in developed markets
Stocks outside of the U.S.
EM S Emerging |represented by the Vanguard Emerging Markets Stock Index Fund Admiral Shares (VEMAX),

Market Stocks |which offers equity exposure in emerging markets such as Brazil, India, and China.

represented by the Vanguard Total Bond Market Index Fund Admiral Shares (VBTLX), which

AUS_B [All U.S. Bonds |provides broad exposure to U.S. Investment grade bonds including U.S. Treasures and

mortgage back securities of all maturities.

High-Yield

USHY Bl 'S Bonds

represented by the Vanguard High-yield Corporate Fund Admiral Shares (VWEAX), which
invests in a diversified portfolio of medium and lower-quality corporate bonds.

INT B International |represented by the Vanguard Total International Bond Index Fund Admiral Shares (VTABX),

Bonds which provides broad exposure to non-U.S. investment-grade bonds.

REITS Investment
Trusts other real estate property

Real Estate |represented by the Vanguard Real Estate Index Fund Admiral Shares (VGSLX), which invests
in real estate investment trusts - companies that purchase office buildings, hotels, and

Cash Cash(T-Bill) represented by the Vanguard Treasury Money Market Fund (VUSXX), which invests primarily

in US. Treasury securities.

4) Visual Capitalist 2H|0|Z| http://www.visualcapitalist.com
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AEeold 2% &4 E(Inflation-Adjusted Total

Return)| 7| &0t}

AR OiY & w8(Buy & Hold), WHGRIS

(Reinvestment) S0 A7 EX}A 2R R|&Fst= 7|
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EMZA(EM_S)HE7} 7h 2 98Tt 2002 1o
1, 2349 E(Risk-free Rates) Al 2 71AsH
T-Bill Aolshdl, 22 URIUAE|(INT_B)HE} g
Ue oflnt 2ol UEIICH<E 3>, <12 HRE).
AR AREITSE] 240 22w MAZ 54
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Y2 BAfS] REELQ Sef RAFHE 75

(INTD_SHIHETH 2 YOoHME £02 ¢ =4
UERT, 02 CjaRUSLC.S) % bR 2dF
(USSC_S)eF f-ARSH 291-9] m2upd-g UiAjstar
et
<H 3> 7|2EA
CENFES :
B A © = == £ | "E | JB. | Prob.
e (%) (%p) i
USLC_S | 9.83 1647 | -0.76 | 334 | 357 | 0.17
USSC_S | 9.55 1823 | -037 | 285 | 0.83 | 0.66
INTD.S | 8.14 22.02 0.18 | 350 | 055 | 0.76
EM_S 1252 | 29.58 0.21 256 | 054 | 0.76
AUS_B 4.05 5.23 0.63 329 | 242 | 0.30
USHY_B | 5.68 10.44 0.28 426 | 278 | 0.25
INT_B 3.67 4.39 0.17 3.14 | 0.20 | 0.9
REITS 9.18 17.01 -063 | 304 | 228 | 032
Cash 0.78 2.07 0.07 194 | 1.67 | 043

Mean of Returns

AUS,
ANT

Cash

B

MENE 224(%)-912(%p) Z2TY

Asset Risks and Returns

USHYg

UsLC,

8ssc,

REITS

INTDg

£M

10

15

20

Standard Deviation of Returns

25

30

<E 4> BA-FRA-YBAS

USLC_S USSC_S INTD_S EM_S AUS_B USHY_B INT_B REITS
USLC_S 263.45 24417 237.78 238.44 20.9 114.89 17.91 132.9
USSC_S 0.84 322.84 231.7 340.49 16.24 148.01 10.8 209.17
INTD_S 0.67 0.59 471.12 383.37 21.51 135.56 16.44 141.93
EM_S 0.50 0.65 0.61 850.2 4.15 182.26 -8.08 212.55
AUS_B 0.25 0.18 0.19 0.03 26.60 21.66 15.39 20.42
USHY_B 0.69 0.80 0.61 0.61 0.41 105.91 16.61 120.11
INT_B 0.25 0.14 0.17 -0.06 0.69 0.37 18.73 16.99
REITS 0.49 0.69 0.39 0.43 0.24 0.70 0.23 281.06

Z UYL QUWASHSY)E LAY BEL, B, HEALY
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2L 0124y (USSC S) 069 Dl%o}OI‘é A
(USHY_B) 0.70 50]QiC}. o}-&2] AHAMAIEIS Afo]of]
A o] =2 AAME 2 - 0] 208 =(USLC_S)9} 0]
LA R(USSC_S)7F  0.84, o]=Zslo]dcxjH
(USHY_B)z} 0] =A% Z(USSC_S)7} 0.80, 0]=t}3]

Z(USLC_S)9F u]=sto] A =xjH(USHY_B)o] 0.69,
0] 2/ ¥ (AUS_B)} 22 HAHA(NT_B)o] 0.69, 0]=
AP F(USSC_S)9}t o]HAFA(EM_S)o] 0.652 7}

ZF digol =4 AEE

Q(GP: General Portfolio) LTEZ
sIiCt. 22)3 o]4 Al 7] GPoll 4AelAg
J?i?ﬂ‘é}% TAALEZ2]02 143519t

P12 0]= @ F(USLC_S), U]=AFF(USSC.S),
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